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sional coordinates of a human body , which reduces the cost 
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ROBOT CONTROL METHOD AND system architecture and technique are set forth in order to 
APPARATUS AND ROBOT USING THE provide a thorough understanding of embodiments of the 

SAME present disclosure . However , it will be apparent to those 
skilled in the art that the present disclosure may be imple 

CROSS REFERENCE TO RELATED 5 mented in other embodiments that are less specific of these 
APPLICATIONS details . In other instances , detailed descriptions of well 

known systems , devices , circuits , and methods are omitted The present disclosure claims priority to Chinese Patent 
Application No. 201911365377.6 , filed Dec. 26 , 2019 , so as not to obscure the description of the present disclosure 

with unnecessary detail . which is hereby incorporated by reference herein as if set 
forth in its entirety . It is to be understood that , when used in the description 

and the appended claims of the present disclosure , the terms 
BACKGROUND “ including ” and “ comprising ” indicate the presence of stated 

features , integers , steps , operations , elements and / or com 
1. Technical Field ponents , but do not preclude the presence or addition of one 

15 or a plurality of other features , integers , steps , operations , 
The present disclosure relates to robot control technology , elements , components and / or combinations thereof . 

and particularly to a robot control method as well as an It is also to be understood that the term " and / or ” used in 
apparatus , and a robot using the same . the description and the appended claims of the present 

disclosure refers to any combination of one or more of the 
2. Description of Related Art 20 associated listed items and all possible combinations , and 

includes such combinations . 
Due to the humanoid robots have high similarity with As used in the description and the appended claims , the 

human bodies in their limbs , the control of the motion of the term “ if " may be interpreted as “ when ” or “ once ” or “ in upper and lower limbs of a humanoid robot can be realized response to determining " or " in response to detecting " 
according to the demonstrative motions of a human body . In 25 according to the context . Similarly , the phrase “ if deter the existing humanoid robot control technologies , the mined ” or “ if [ the described condition or event ] is detected " humanoid motion of the humanoid robot can be realized 
through the captured motional postures of human body and may be interpreted as “ once determining ” or “ in response to 
the human - machine motion mappings . In order to capture determining ” or “ on detection of [ the described condition or 
the motional postures of the human body , it generally use a event ) ” or “ in response to detecting [ the described condition 
three - dimensional ( 3D ) stereo camera such as a binocular 30 or event ] ” . 
3D stereo camera to collect human motion images and depth In addition , in the descriptions of the specification and the 
information , and then the posture of the humanoid robot can claims of the present disclosure , the terms “ first " , " second " , 
be determined through human - machine motion mappings . “ third ” , and the like in the descriptions are only used for 
However , since the 3D stereo cameras have high price and distinguishing , and cannot be understood as indicating or 
large size , which are not conducive to install and use on 35 implying relative importance . 
humanoid robots . In the present disclosure , the descriptions of “ one embodi 

ment " , " some embodiments ” or the like described in the 
BRIEF DESCRIPTION OF THE DRAWINGS specification mean that one or more embodiments of the 

present disclosure can include particular features , structures , 
In order to more clearly illustrate the technical solutions 40 or characteristics which are related to the descriptions of the 

in this embodiment disclosure , the drawings used in the descripted embodiments . Therefore , the sentences “ in one embodiments or the description of the prior art will be embodiment ” , “ in some embodiments ” , “ in some other briefly introduced below . It should be understood that , the embodiments ” , “ in other embodiments " and the like that drawings in the following description are only examples of 
the present disclosure . For those skilled in the art , other appear in different places of the specification do not mean 

45 that descripted embodiments should be referred by all other drawings can be obtained based on these drawings without 
creative works . embodiments , but instead be referred by “ one or more but 
FIG . 1 is a flow chart of a robot control method according not all other embodiments ” unless otherwise specifically 

to the embodiment one of the present disclosure . emphasized . The terms “ including ” , “ comprising ” , “ having ” 
FIG . 2 is a schematic diagram of the selected preset key and their variations all mean “ including but not limited to ” 

points according to the embodiment one of the present 50 unless otherwise specifically emphasized . 
disclosure . It should be understood that , the sequence of the serial 
FIG . 3 is a schematic diagram of a robotic arm kinematics number of the steps in the above - mentioned embodiments 

model of a robot which is equivalent to a human arm does not mean the execution order while the execution order 
according to the embodiment one of the present disclosure . of each process should be determined by its function and 
FIG . 4 is a schematic diagram of the solving of the angles 55 internal logic , which should not be taken as any limitation to 

of the first joint and the second joint according to the the implementation process of the embodiments . 
embodiment one of the present disclosure . For the purpose of describing the technical solutions of 
FIG . 5 is a schematic block diagram of a robot control the present disclosure , the following describes through spe 

apparatus according to the embodiment two of the present cific embodiments . 
disclosure . FIG . 1 is a flow chart of a robot control method according 
FIG . 6 is a schematic block diagram of a robot according to the embodiment one of the present disclosure . In this 

to the embodiment three of the present disclosure . embodiment , a robot control method is provided , which can 
be applied to a humanoid robot while the type of the 

DETAILED DESCRIPTION humanoid robot is not limited herein . The humanoid robot 
65 has a left arm and a right arm . The method is a computer 

In the following descriptions , for purposes of explanation implemented method executable for a processor , which may 
instead of limitation , specific details such as particular be implemented through and applied to a robot control 
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apparatus as shown in FIG . 5 or implemented through a inputting the pixel information of the plurality of preset 
robot as shown in FIG . 6. As shown in FIG . 1 , the method key points to a convolutional neural network model to obtain 
includes the following steps . the three - dimensional positional information of the key 

S101 : obtaining a human pose image . points of the human arm . 
In which , the human pose image may refer to a photo that 5 In which , the above - mentioned convolutional neural net 

wholly or partly contains a human body part such as a work model has a total of 7 layers , which includes two 
human head , waist , limbs , and the like , which may be a color convolutional layers , two batch regularization ( i.e. , 
( RGB ) image taken by an ordinary color ( RGB ) camera , an batchnorm ) layers , two fully connected layers , and one input 
image taken by a web camera , or the like . The human pose layer . The input data of the input layer is the pixel informa 
image is a two - dimensional image , where the pixel infor- 10 tion of the preset key points . The output layer is a fully connected layer , and the output data is the three - dimensional mation contained in the image is two - dimensional pixel positional information of the preset key points . For example , information . in the case that the input data of the input layer is the pixel S102 : obtaining pixel information of a plurality of preset coordinates of the 17 preset key points , since the pixel key points in the human pose image . 15 coordinates are two - dimensional coordinates , the input data In which , the preset key point can be determined accord has 34 neurons in total , while the output data is three 
ing to the main body part included in the human posture dimensional positional information with 51 neurons in total . image , which are points for representing human body parts . In addition , the convolutional neural network model adopts 
For example , a shoulder point is used to indicate a human a linear rectifier ( ReLU ) function as the excitation function , 
shoulder , and an elbow point is used to indicate a human 20 and the public human 3.6 m human action database is used 
elbow . In this embodiment , the human pose image obtained to train the convolutional neural network model . 
is an image including the entire human body . FIG . 2 is a After the step 103 of obtaining the three - dimensional 
schematic diagram of the selected preset key points accord- positional information of the key points of the human arm 
ing to the embodiment one of the present disclosure . As according to the pixel information of the plurality of preset 
shown in FIG . 2 , the pixel information of 17 preset key 25 key points , the method further includes : 
points of the human body is obtained , where 6 of them are performing a denoising process on the three - dimensional 
on the arm , 6 of them are on the leg , and 5 of them are positional information of the key points of the human arm 
located from the head to the abdomen . through a first - order low - pass filter . 

In one embodiment , the step S102 of obtaining the pixel In which , the final result of the denoising process of the 
information of the plurality of preset key points in the human 30 first - order low - pass filter is : 
pose image can include : y = kx , + ( 1 - k ) yt - 1 ; 

inputting the human pose image to a light weight open where , y represents the final result after the filtering , k is pose ( LWOP ) detection model to obtain the pixel informa 
tion of the plurality of preset key points in the human pose 35 is the final result of the previous filtering ; the greater the a weight and k < 1 , x , is the current data input value , and yt 
image . difference between x , and yt - 1 is , the smaller the value of k In which , the human pose image including the entire is , and by using the first - order low - pass filter , one or two human body is input into a light weight open pose detection sudden changed data due to noise and the characteristic of 
model to detect the above - mentioned 17 preset key points , convolutional neural networks can be removed , thereby 
and then the pixel information such as the pixel coordinates 40 avoiding the impact of data jitters . 
of the 17 preset key points are provided . The LWOP S104 : obtaining a robotic arm kinematics model of a 
detection model refers to a model that a lightweight Bottle- robot . 
neck module is used in the downsampling phase of the When the arm of the robot acts , it needs to rely on the 
LWOP detection model , while a light weight form is also kinematics model of the arm itself . The degree of freedom 
selected in the upsampling phase . By adopting the LWOP 45 of the arm determines the actions that the arm can perform . 
detection model , the usage of the processor can be reduced , For example , when the arm is set with the degree of freedom 
thereby improving the image processing efficiency . for elbow , it can control the corresponding mechanisms of 

S103 : obtaining three - dimensional positional information the elbow to perform the flexion and extension motions 
of key points of a human arm according to the pixel similar to the human arm . 
information of the plurality of preset key points . In one embodiment , the robotic arm kinematics model is 

In which , the key points of the human arm are the preset an arm model equivalent to a human arm with four degrees 
key points of an area at which the human arm in the human of freedom , where a shoulder portion of the arm has three 
posture image locates . The preset key points of the area at degrees of freedom , and an elbow portion of the arm has one 
which the human arm in the human posture image locates degree of freedom . 
are a shoulder point , an elbow point , and a wrist point . The 55 FIG . 3 is a schematic diagram of a robotic arm kinematics 
key points of the human arm are the shoulder point , the model of a robot which is equivalent to a human arm 
elbow point , and the wrist point of the left arm or the right according to the embodiment one of the present disclosure . 
arm . According to the pixel information of the plurality of As shown in FIG . 3 , S represents a shoulder , E represents an 
preset key points , the three - dimensional positional informa- elbow , and W represents a wrist . In which , the shoulder S is 
tion of all the key points in the plurality of preset key points 60 provided with three degrees of freedom , which includes a 
can be obtained . In this embodiment , since only the arm of first joint 31 , a second joint 32 , and a third joint 33. The 
the robot is controlled , only the three - dimensional positional elbow E is provided with one degree of freedom , which 
information of the key points of the human arm is obtained . includes a fourth joint 34. The third joint 33 and the fourth 

In one embodiment , the step 103 of obtaining three- joint 34 are connected through a connecting rod . The fourth 
dimensional positional information of the key points of the 65 joint 34 and the wrists are connected through a connecting 
human arm according to the pixel information of the plu- rod , while the first joint 31 , the second joint 32 , and the third 
rality of preset key points includes : joint 33 can be connected directly or through a connecting 
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rod . In order to be similar to the human arm , the arm needs a vector from the shoulder point to the wrist point according 
to include a upper arm and a lower arm , and the degree of to the three - dimensional positional information of the key 
freedom of the first joint 31 is that the upper arm of the arm points of the human arm ; 
swings back and forth in a vertical direction , the degree of obtaining an angle q ; = a tan 2 ( SEO ) , ?SE ( 1 ) ) of the first freedom of the second joint 32 is that the upper arm of the 5 joint and an angle 
arm swings left and right in a horizontal direction , and the 
degree of freedom of the third joint 33 is that the upper arm 
of the arm performs a rotational movement with itself as the 
axis , and the degree of freedom of the fourth joint 34 is the se ) 

flexion and extension motions between the upper and lower 
arms of the arm . 

There is a Denavit - Hartenberg ( DH ) parameter table of the second joint according to the vector from the shoulder 
included in the robotic arm kinematics model , and the point to the elbow point , where i sz ( 0 ) represents a com 
parameters in the DH parameter table include the angles of 15 ponent of r in a vertical direction of a human body , 
the joints . The DH kinematics modeling is performed based rse ( 1 ) represents a component of r ' se in a perpendicular SE a on the DH parameter table to create a transformation matrix 
R ; ( q -1 ) of the i - th joint with respect to the i - 1 - th joint , direction of the human body , ?se ( 2 ) represents a component 
where i represents the i - th joint , and qi - 1 is the angle of the of r in a horizontal direction of the human body , and 
i - lth joint . By substituting the angle of the i - 1 - th joint in to 20 represents a vector from the shoulder point to the elbow 
i - R , ( 9 : -1 ) , the determined coordinate system transformation point ; 
matrix of the i - th joint with respect to the i - 1 - th joint can be obtaining an angle 
obtained . In the arm , the shoulder S is the 0 - th joint , the first 
joint 31 is the 1 - th joint , the second joint 32 is the 2 - th joint , 
the third joint 33 is the 3 - th joint , the fourth joint 34 is the 25 - ( lösslº + [ Pewl - Tisw [ { / 217sel | Few D ) 4 - th joint , and the wrist W is the 5 - th joint . In this embodi 
ment , the coordinate transformation matrix of the 1 - th joint 
with respect to the 0 - th joint is ° R = 1 , that is , the shoulder fourth joint according to the vector from the shoulder point 
S and the first joint 31 of the arm are considered to be at the to the elbow point , the vector from the elbow point to the same position . 30 wrist point , and the vector from the shoulder point to the The position of the fourth joint 34 is determined by the wrist point , where Rew represents the vector from the elbow motion of the first joint 31 and the second joint 32 of the 
shoulder S. The fourth joint 34 is expressed as ° R , ' R2 ( 9 . ) point to the wrist point and Rsw represents the vector from 
2R3 ( 92 ) PE in the coordinate system of the shoulder S. In the shoulder point to the wrist point ; 
which , ? P = [ 0 , 0 , a ] " is the three - dimensional coordinate of 35 obtaining a first coordinate system transformation matrix 
the fourth joint 34 in the coordinate system of the third joint of a coordinate system of the first joint with respect to a 
32 , and a is the length of the connecting rod between the coordinate system of the shoulder portion of the arm ; 
third joint 32 and the fourth joint 34 . obtaining a second coordinate system transformation 

The position of the wrist W is determined by the motions matrix of a coordinate system of the second joint with 
of the first joint 31 , the second joint 32 , and the third joint 40 respect to the coordinate system of the first joint according 
33 of the shoulder S as well as the fourth joint 34 of the to the angle of the first joint and the robotic arm kinematics 
elbow E. The wrist W is represented as ' R , ' R2 ( 9 . ) R3 ( 92 ) model ; 
3R4 ( 93 ) + R ; ( 94 ) Pw in the coordinate system of the shoulder obtaining a third coordinate system transformation matrix 
S , where Pw = [ b , 0 , 0 ] " is the three - dimensional coordinate of a coordinate system of the third joint with respect to the 
of the wrist W in the coordinate system of the fourth joint 34 , 45 coordinate system of the second joint according to the angle 
and b is the length of the connecting rod of the fourth joint of the second joint and the robotic arm kinematics model ; 
34 and the wrist W in the arm . obtaining a fifth coordinate system transformation matrix 

S105 : obtaining an angle of each joint in the robotic arm of a coordinate system of the wrist portion with respect to a 
kinematics model according to the three - dimensional posi- coordinate system of the fourth joint according to the angle 
tional information of the key points of the human arm and 50 of the fourth joint and the robotic arm kinematics model ; 
the robotic arm kinematics model . obtaining a connecting rod length between the third joint 

It can be known from the above - mentioned step S104 that and the fourth joint ; 
the robotic arm kinematics model is a model which makes obtaining a three - dimensional coordinate of the fourth 
the human arm to be equivalent to a certain degrees of joint in the coordinate system of the third joint according to 
freedom , where one degree of freedom represents a joint in 55 the connecting rod length between the third joint and the 
the arm . fourth joint ; 

The arm of the robot includes a first joint and a second obtaining a connecting rod length between the fourth joint 
joint as well as a third joint , a fourth joint , and a wrist portion and the wrist portion ; 
sequentially connected through a connecting rod . The key obtaining a three - dimensional coordinate of the wrist 
points of the human arm include a shoulder point , an elbow 60 portion in the coordinate system of the fourth joint according 
point , and a wrist point . The step 105 of obtaining the angle to the connecting rod length between the fourth joint and the 
of each joint in the robotic arm kinematics model according wrist portion ; and 
to the three - dimensional positional information of the key obtaining an angle q3 of the third joint according to the 
points of the human arm and the robotic arm kinematics robotic arm kinematics model , the vector from the shoulder 
model includes : 65 point to the elbow point , the first coordinate system trans 

obtaining a vector from the shoulder point to the elbow formation matrix , the second coordinate system transforma 
point , a vector from the elbow point to the wrist point , and tion matrix , the third coordinate system transformation 
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matrix , the fifth coordinate system transformation matrix , In one embodiment , after the step 105 of obtaining the 
the three - dimensional coordinate of the fourth joint in the angle of each joint in the robotic arm kinematics model 
coordinate system of the third joint , and the three - dimen- according to the three - dimensional positional information of 
sional coordinate of the wrist portion in the coordinate the key points of the human arm and the robotic arm 
system of the fourth joint , where : 5 kinematics model further includes : 

7 SE = EºR , ' R2 ( 91 ) -R39 ) PE + OR , ' R ( 9 ) R3 ( 92 ) PR ( 93 ) * R $ ( 94 ) Purs performing a smoothing process on the angle of each joint 
where , ' R is the first coordinate system transformation through a Kalman filter . 

matrix , ' R2 ( q? ) is the second coordinate system transforma In which , after the angles of the four joints are obtained , 
tion matrix , R3 ( 92 ) is the third joint coordinate system the Kalman filter is used to smooth the angles of the four 
transformation matrix , PR ( 93 ) is a fourth joint coordinate joints , respectively . The input value of the Kalman filter is 
system transformation matrix of the coordinate system of the the angles of the joints after solving , and the angles after 
fourth joint with respect to the coordinate system of the third smoothing are output . The smoothed angle is transmitted to 
joint , * R ( 93 ) is the fifth coordinate system transformation the robot for motion tracking , which can ensure the stability 
matrix ; ? PE = [ 0 , 0 , a ] " is a three - dimensional coordinate of of the motion of the arm . 
the fourth joint in the coordinate system of the third joint ; Because the motion of the human body is disordered 
and a is the connecting rod length between the third joint and during the process of the robot mimicking the posture of the 
the fourth joint , 5P2 = [ b , 0 , 0 ] ? is the three - dimensional human body , in this embodiment , the prediction model of 
coordinate of the wrist portion in the coordinate system of the Kalman filter is a linear model with a slope of 1 : 
the fourth joint , and b is the connecting rod length between 
the fourth joint and the wrist portion . Xx = Xk - 15 

In which , the fourth coordinate system transformation 
matrix is obtained based on the angle of the third joint and where , xk is the predicted value at the current moment , 
the robotic arm kinematics model . In the process of obtain and Xk - 1 is the optimal estimated value at the previous ing the angle of each joint , the angle of the joint may refer moment . 
to the amount of angular change with respect to an initial S106 : controlling an arm of the robot to perform a 
angle of the joint , where the initial angle of the joint can be corresponding action according to the angle of each joint . 
the corresponding angle when the arm is vertically down In which , the arm of the robot is installed with all the ward , for example , in the case that the arm is vertically joints in the robotic arm kinematics model , and each joint downward , the initial angle of the first joint is recorded as Oº , 30 performs a corresponding action under the control of a and the initial angle of the second joint is 0 , and because the corresponding actuator , for example , in the case that a servo arm is vertically downward , the connecting rod between the is provided at the joint , an output shaft of the servo is rotated third joint and the fourth joint is parallel to the connecting to drive the arm connected to the joint to move ( e.g. , rotate ) rod between the fourth joint and the wrist joints , and the according to the angle of the joint . In which , the servo is 
initial angle of the fourth joint is recorded as 0 ° or 180 ° : 35 driven by a motor , and the movement of the arm is realized Since the angle of the third joint is the rotational angle with by the motor to rotate the output shaft of the servo which is the connecting rod between the third joint and the fourth connected to the arm . joint as the axis , any angle can be used as the initial angle In this embodiment , the three - dimensional positional of the third joint . information of the key points of the human arm is obtained In which , based on the three - dimensional positional infor 40 by recognizing the human posture image , and the angle of mation of the key points of the human arm , for example , the each joint in the robotic arm kinematics model is obtained three - dimensional positional information of the shoulder using the robotic arm kinematics model , so as to control the point , the elbow point , and the wrist point , a vector from the arm of the robot to perform the corresponding action . It shoulder point to the elbow point , a vector from the elbow obtains the 3D positional information of the human posture point to the wrist point , and a vector from the shoulder point 45 image through technical means such as image recognition , 
to the wrist point can be obtained . FIG . 4 is a schematic and realizes the control of the arm of the robot based on the diagram of the solving of the angles of the first joint and the 3D positional information , without the need to use a 3D second joint according to the embodiment one of the present stereo camera to collect the 3D coordinates of the human disclosure . As shown in FIG . 4 , the angles of the first joint , body . As an example , an ordinary camera can be used to the second joint , and the fourth joint can be obtained 50 collect the human pose image , then the human pose image according to the sine and cosine theorems . In the formula for is processed to obtain the angles of the joints of the arm , and calculating the angle q1 of the first joint , atan 2 is a function . then the angles of the joints of the arm is controlled to In the C programming language , an azimuth is returned , the perform the humanoid motion of the arm , which reduces the function prototype of atan 2 in the C programming language cost to a certain extent . At the same time , the ordinary 
is “ double atan 2 ( double y , double x ) ” , and the arctangent 55 camera is easy to install on the robot , so as to reduce the of y / x which is expressed in radians is returned . volume of the robot . 

In addition , according to the DH parameter table in the FIG . 5 is a schematic block diagram of a robot control robotic arm kinematics model , the coordinate system trans apparatus according to the embodiment two of the present formation matrix between the joints can be obtained through disclosure . A robot control apparatus 50 corresponding to 
DH kinematics modeling . In the formula for solving the 60 the robot control method of the forgoing embodiment is 
angle q3 of the third joint , since SE OR , ' R2 ( 9 . ) , 2R provided . The robot control apparatus 50 may be applied to 
( 92 ) , “ Rs ( 94 ) , " Pe1 = [ 0 , 0 , a ] ?, SPw = [ b , 0 , 0 ] ?, and the like are a robot as shown in FIG . 6. For convenience of explanation , 
all known values , while only q3 in the coordinate system only parts related to this embodiment are shown . 
transformation matrix R4 ( 93 ) is unknown value , q3 can be As shown in FIG . 5 , the robot control apparatus 50 
obtained . Particularly , in the above - mentioned process of 65 includes : 
solving the angle of each joint , the physical limitation of the an image obtaining module 51 configured to obtain a 
human arm also needs to be considered . human pose image ; 
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a key point information obtaining module 52 configured obtain a first coordinate system transformation matrix of 
to obtain pixel information of a plurality of preset key points a coordinate system of the first joint with respect to a 
in the human pose image ; coordinate system of the shoulder portion of the arm ; 

a three - dimensional positional information obtaining obtain a second coordinate system transformation matrix 
module 53 configured to obtain three - dimensional positional 5 of a coordinate system of the second joint with respect to the 
information of key points of a human arm according to the coordinate system of the first joint according to the angle of 
pixel information of the plurality of preset key points , where the first joint and the robotic arm kinematics model ; 
the key points of the human arm are preset key points of an obtain a third coordinate system transformation matrix of area at which the human arm in the human posture image a coordinate system of the third joint with respect to the locating ; coordinate system of the second joint according to the angle a model obtaining module 54 configured to obtain a of the second joint and the robotic arm kinematics model ; robotic arm kinematics model of a robot ; obtain a fifth coordinate system transformation matrix of an angle obtaining module 55 configured to obtain an a coordinate system of the wrist portion with respect to a angle of each joint in the robotic arm kinematics model according to the three - dimensional positional information of 15 coordinate system of the fourth joint according to the angle 
the key points of the human arm and the robotic arm of the fourth joint and the robotic arm kinematics model ; 
kinematics model ; and obtain a connecting rod length between the third joint and 

a robotic arm control module 56 configured to control an the fourth joint ; 
arm of the robot to perform a corresponding action accord obtain a three - dimensional coordinate of the fourth joint 
ing to the angle of each joint . 20 in the coordinate system of the third joint according to the 

In one embodiment , the robotic arm kinematics model is connecting rod length between the third joint and the fourth 
an arm model equivalent to a human arm with four degrees joint ; 
of freedo where a shoulder portion of the arm has three obtain a connecting rod length between the fourth joint 
degrees of freedom , and an elbow portion of the arm has one and the wrist portion ; 
degree of freedom . obtain a three - dimensional coordinate of the wrist portion 

In one embodiment , the arm of the robot includes a first in the coordinate system of the fourth joint according to the 
joint and a second joint as well as a third joint , a fourth joint connecting rod length between the fourth joint and the wrist 
and a wrist portion sequentially connected through a con- portion , and 
necting rod . The key points of the human arm include a obtain an angle q3 of the third joint according to the 
shoulder point , an elbow point , and a wrist point . In which , 30 robotic arm kinematics model , the vector from the shoulder 
the angle obtaining module 55 is configured to : point to the elbow point , the first coordinate system trans 

obtain a vector from the shoulder point to the elbow point , formation matrix , the second coordinate system transforma 
a vector from the elbow point to the wrist point , and a vector tion matrix , the third coordinate system transformation 
from the shoulder point to the wrist point according to the matrix , the fifth coordinate system transformation matrix , 
three - dimensional positional information of the key points 35 the three - dimensional coordinate of the fourth joint in the 
of the human arm ; coordinate system of the third joint , and the three - dimen 

obtain an angle q . = a tan 2 ( 1 SEO ) , TSE ( 1 ) ) of the first sional coordinate of the wrist portion in the coordinate 
joint and an angle system of the fourth joint , where : 
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SE 

PSE = EºR , ' R2 ( 9 ) R3 ( 92 ) PE + OR , ' R2 ( 9 . ) ? R3 ( 92 ) R4 ( 93 ) * R5 ( 94 ) Pw ; 
where , ' R is the first coordinate system transformation - * ( * sz ( 2 ) / Viszlo + 2 ) + r sE ( 1 ) matrix , ' R2 ( q? ) is the second coordinate system transforma 

tion matrix , R3 ( 92 ) is the third joint coordinate system 
transformation matrix , PR4 ( 93 ) is a fourth joint coordinate 

of the second joint according to the vector from the shoulder 45 system transformation matrix of the coordinate system of the 
point to the elbow point , where i SECO ) represents a com- fourth joint with respect to the coordinate system of the third 
ponent of ? in a vertical direction of a human joint , ' R ( 94 ) is the fifth coordinate system transformation 
body , ? st ( 1 ) represents a component of r in a perpen matrix ; ? P = [ 0 , 0 , a ] " is a three - dimensional coordinate of 
dicular direction of the human body , ?SE ( 2 ) represents a 50 the fourth joint in the coordinate system of the third joint ; 

and a is the connecting rod length between the third joint and component of r in a horizontal direction of the human the fourth joint , SP = [ b , 0 , 0j ? is the three - dimensional body , and se represents a vector from the shoulder point to 
the elbow point ; coordinate of the wrist portion 6P , in the coordinate system 

obtain an angle 55 of the fourth joint , and b is the connecting rod length 
between the fourth joint and the wrist portion . 

In one embodiment , the key point information obtaining 
s ' { " sel + Few 1 ° -17 sw / 28sel | Few | ) ( 1 [ | module 52 is configured to input the human pose image to 

a light weight open pose detection model to obtain the pixel 
60 information of the plurality of preset key points in the human 

fourth joint according to the vector from the shoulder point pose image . 
to the elbow point , the vector from the elbow point to the In one embodiment , the three - dimensional positional 
wrist point , and the vector from the shoulder point to the information obtaining module 53 is configured to input the 

pixel information of the plurality of preset key points to a wrist point , where r Ew represents the vector from the elbow 65 convolutional neural network model to obtain the three 
point to the wrist point and r sw represents the vector from dimensional positional information of the key points of the 
the shoulder point to the wrist point ; human arm . 

94 = cos 
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In one embodiment , the robot control apparatus further code of the computer program 62. The storage 61 may also 
includes : be used to temporarily store data that has been or will be 

a denoising processing module configured to perform a output . 
denoising process on the three - dimensional positional infor- Those skilled in the art may clearly understand that , for 
mation of the key points of the human arm through a 5 the convenience and simplicity of description , the division 
first - order low - pass filter . of the above - mentioned functional units and modules is 

In one embodiment , the robot control apparatus further merely an example for illustration . In actual applications , the 
includes : above - mentioned functions may be allocated to be per 

a smoothing module configured to perform a smoothing formed by different functional units according to require 
process on the angle of each joint through a Kalman filter . 10 ments , that is , the internal structure of the device may be 

It should be noted that , the information interaction divided into different functional units or modules to com 
between the above - mentioned modules , the execution pro- plete all or part of the above - mentioned functions . The 
cess , and the like are based on the same concept as the functional units and modules in the embodiments may be 
method embodiments of the present disclosure , and their integrated in one processing unit , or each unit may exist 
functions and technical effects can refer to the method 15 alone physically , or two or more units may be integrated in 
embodiments , which are not described herein . one unit . The above - mentioned integrated unit may be 

In this embodiment , each of the above - mentioned mod- implemented in the form of hardware or in the form of 
ules / units is implemented in the form of software , which can software functional unit . In addition , the specific name of 
be computer program ( s ) stored in a memory of the robot each functional unit and module is merely for the conve 
control apparatus 50 and executable on a processor of the 20 nience of distinguishing each other and are not intended to 
robot control apparatus 50. In other embodiments , each of limit the scope of protection of the present disclosure . For 
the above - mentioned modules / units may be implemented in the specific operation process of the units and modules in the 
the form of hardware ( e.g. , a circuit of the robot control above - mentioned apparatus , reference may be made to the 
apparatus 50 which is coupled to the processor of the robot corresponding processes in the above - mentioned method 
control apparatus 50 ) or a combination of hardware and 25 embodiments , and are not described herein . When the inte 
software ( e.g. , a circuit with a single chip microcomputer ) . grated unit is implemented in the form of a software func 
FIG . 6 is a schematic block diagram of a robot according tional unit and is sold or used as an independent product , the 

to the embodiment three of the present disclosure . In this integrated module / unit may be stored in a non - transitory 
embodiment , a robot control method for a robot 6 is pro- computer - readable storage medium . Based on this under 
vided . The robot 6 is a humanoid robot having a left arm and 30 standing , all or part of the processes in the method for 
a right arm . As shown in FIG . 6 , the robot 6 includes at least implementing the above - mentioned embodiments of the 
one processor 60 ( only one is shown in FIG . 6 ) , a storage 61 , present disclosure are implemented , and may also be imple 
a computer program 62 stored in the storage 61 and execu mented by instructing relevant hardware through a computer 
able on the at least one processor 60 , and a camera 63. The program . The computer program may be stored in a non 
processor 60 executes the computer program 62 to imple- 35 transitory computer - readable storage medium , which may 
ment the steps in any of the foregoing embodiments of the implement the steps of each of the above - mentioned method 
robot control method . embodiments when executed by a processor . In which , the 

The robot 6 may include , but is not limited to , the computer program includes computer program codes which 
processor 60 and the storage 61. It can be understood by may be the form of source codes , object codes , executable 
those skilled in the art that FIG . 6 is merely an example of 40 files , certain intermediate , and the like . The computer 
the robot 6 and does not constitute a limitation on the robot readable medium may include at least any primitive or 
6 , and may include more or fewer components than those device capable of carrying the computer program codes , a 
shown in the figure , or a combination of some components recording medium , a computer memory , a read - only 
or different components . For example , the robot 6 may memory ( ROM ) , a random access memory ( RAM ) , electric 
further include an input / output device , a network access 45 carrier signals , telecommunication signals and software dis 
device , and the like ; or include components that need to be tribution media , for example , a USB flash drive , a portable 
set in a robot entity , for example , an RGB camera and an hard disk , a magnetic disk , an optical disk , and the like . In 
robotic arm . some jurisdictions , according to the legislation and patent 
The processor 60 may be a central processing unit ( CPU ) , practice , a computer readable medium does not include 

or be other general purpose processor , a digital signal 50 electric carrier signals and telecommunication signals . 
processor ( DSP ) , an application specific integrated circuit All or part of the processes in the methods for imple 
( ASIC ) , a field - programmable gate array ( FPGA ) , or be menting the above - mentioned embodiments of the present 
other programmable logic device , a discrete gate , a transistor disclosure may also be realized through a computer program 
logic device , and a discrete hardware component . The gen- product . When the computer program product is executed on 
eral purpose processor may be a microprocessor , or the 55 a robot , the robot can implement the steps in the above 
processor may also be any conventional processor . mentioned method embodiment when the robot works . 

In some embodiments , the storage 61 may be an internal In the above - mentioned embodiments , the description of 
storage unit of the robot 6 , for example , a hard disk or a each embodiment has its focuses , and the parts which are not 
memory of the robot 6. In other embodiments , the storage 61 described or mentioned in one embodiment may refer to the 
may also be an external storage device of the robot 6 , for 60 related descriptions in other embodiments . 
example , a plug - in hard disk , a smart media card ( SMC ) , a Those ordinary skilled in the art may clearly understand 
secure digital ( SD ) card , flash card , and the like , which is that , the exemplificative units and steps described in the 
equipped on the robot 6. Furthermore , the storage 61 may embodiments disclosed herein may be implemented through 
further include both an internal storage unit and an external electronic hardware or a combination of computer software 
storage device , of the robot 6. The storage 61 is configured 65 and electronic hardware . Whether these functions are imple 
to store an operating system , application programs , a boot mented through hardware or software depends on the spe 
loader , data , and other programs , for example , a program cific application and design constraints of the technical 
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schemes . Those ordinary skilled in the art may implement obtaining a vector from the shoulder point to the elbow 
the described functions in different manners for each par point , a vector from the elbow point to the wrist point , 
ticular application , while such implementation should not be and a vector from the shoulder point to the wrist point 
considered as beyond the scope of the present disclosure . according to the three - dimensional positional informa 

In the embodiments provided by the present disclosure , it 5 tion of the key points of the human arm ; 
should be understood that the disclosed apparatus ( or obtaining an angle q . = a tan 2+ sz ( 0 ) , 7 SE ( 1 ) ) of the first device ) / robot and method may be implemented in other joint and an angle manners . For example , the above - mentioned apparatus / ro 
bot embodiment is merely exemplary . For example , the 
division of modules or units is merely a logical functional 10 
division , and other division manner may be used in actual 92 
implementations , that is , multiple units or components may 
be combined or be integrated into another system , or some 
of the features may be ignored or not performed . In addition , of the second joint according to the vector from the shoulder 
the shown or discussed mutual coupling may be direct 15 point to the elbow point , wherein F sE ( 0 ) represents a coupling or communication connection , and may also be 
indirect coupling or communication connection through component of FSE in a vertical direction of a human 
some interfaces , devices or units , and may also be electrical , body , ? sE ( 1 ) represents a component of r in a perpen 
mechanical or other forms . dicular direction of the human body , SE ( 2 ) represents a The units described as separate components may or may 20 
not be physically separated . The components represented as component of r in a horizontal direction of the human 
units may or may not be physical units , that is , may be body , and r se represents a vector from the shoulder point to 
located in one place or be distributed to multiple network the elbow point : 
units . Some or all of the units may be selected according to obtaining an angle 
actual needs to achieve the objectives of this embodiment . 25 

The above - mentioned embodiments are merely intended 
for describing but not for limiting the technical schemes of " ( lösel ? + [ Pew [ ° -1 sw | / 2lösel Few? ) the present disclosure . Although the present disclosure is 
described in detail with reference to the above - mentioned 
embodiments , it should be understood by those skilled in the 30 of the fourth joint according to the vector from the shoulder 
art that , the technical schemes in each of the above - men point to the elbow point , the vector from the elbow point to 
tioned embodiments may still be modified , or some of the the wrist point , and the vector from the shoulder point to the technical features may be equivalently replaced , while these 
modifications or replacements do not make the essence of wrist point , wherein ?ew represents the vector from the 
the corresponding technical schemes depart from the spirit 35 elbow point to the wrist point and r . sw represents the vector 
and scope of the technical schemes of each of the embodi- from the shoulder point to the wrist point ; 
ments of the present disclosure , and should be included obtaining a first coordinate system transformation matrix 
within the scope of the present disclosure . of a coordinate system of the first joint with respect to 
What is claimed is : a coordinate system of a shoulder portion of the arm of 
1. A computer - implemented control method for a robot , 40 the robot ; 

comprising executing on a processor steps of : obtaining a second coordinate system transformation 
obtaining a human pose image ; matrix of a coordinate system of the second joint with 
obtaining pixel information of a plurality of preset key respect to the coordinate system of the first joint 

points in the human pose image ; according to the angle of the first joint and the robotic 
obtaining three - dimensional positional information of key 45 arm kinematics model ; 

points of a human arm according to the pixel informa- obtaining a third coordinate system transformation matrix 
tion of the plurality of preset key points , wherein the of a coordinate system of the third joint with respect to 
key points of the human arm are preset key points of an the coordinate system of the second Joint according to 
area at which the human arm in the human pose image the angle of the second joint and the robotic arm 
is located ; kinematics model ; 

obtaining a robotic arm kinematics model of a robot : obtaining a fifth coordinate system transformation matrix 
obtaining an angle of each joint in the robotic arm of a coordinate system of the wrist portion with respect 

kinematics model according to the three - dimensional to a coordinate system of the fourth joint according to 
positional information of the key points of the human the angle of the fourth joint and the robotic arm 
arm and the robotic arm kinematics model ; and kinematics model ; 

controlling an arm of the robot to perform a correspond- obtaining a connecting rod length between the third joint 
ing action according to the angle of each joint ; and the fourth joint ; 

wherein the arm of the robot comprises a first joint , a obtaining a three - dimensional coordinate of the fourth 
second joint , and a third joint , a fourth joint and a wrist joint in the coordinate system of the third joint accord 
portion sequentially connected through a connecting 60 ing to the connecting rod length between the third joint 
rod , the key points of the human arm comprise a and the fourth joint ; 
shoulder point , an elbow point , and a wrist point ; obtaining a connecting rod length between the fourth joint 
wherein the step of obtaining the angle of each joint in and the wrist portion ; 
the robotic arm kinematics model according to the obtaining a three - dimensional coordinate of the wrist 
three - dimensional positional information of the key 65 portion in the coordinate system of the fourth joint 
points of the human arm and the robotic arm kinematics according to the connecting rod length between the 
model comprises : fourth joint and the wrist portion ; and 
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obtaining an angle q3 of the third joint according to the 8. The method of claim 1 , wherein the arm of the robot 
robotic arm kinematics model , the vector from the comprises one or more joints , the step of controlling the arm 
shoulder point to the elbow point , the first coordinate of the robot to perform the corresponding action according 
system transformation matrix , the second coordinate to the angle of each joint comprises : 
system transformation matrix , the third coordinate sys- 5 controlling the arm of the robot to move by rotating an 
tem transformation matrix , the fifth coordinate system output shaft of a servo of each joint of the arm of the 
transformation matrix , the three - dimensional coordi robot according to the angle of each joint in the robotic nate of the fourth joint in the coordinate system of the arm kinematics . third joint , and the three - dimensional coordinate of the 9. A control apparatus for a robot , comprising : wrist portion in the coordinate system of the fourth 10 a memory ; and joint , wherein : a processor ; 

PSE = E ° R , ' R ( q ) -R3 ( 9 ) PE + OR , ' R ( q ) -R3 ( 9 ) R4 ( 93 ) * R $ ( 94 ) Pws wherein the memory stores computer programs , which 
where , ' R , is the first coordinate system transformation when executed by the processor , cause the processor to ; 

matrix , ' R2 ( q? ) is the second coordinate system trans- 15 obtain a human pose image ; 
formation matrix , R3 ( 92 ) is the third joint coordinate obtain pixel information of a plurality of preset key points 
system transformation matrix , R4 ( 93 ) is a fourth Joint in the human pose image ; 
coordinate system transformation matrix of the coor- obtain three - dimensional positional information of key 
dinate system of the fourth joint with respect to the points of a human arm according to the pixel informa 
coordinate system of the third joint , 4R ( 94 ) is a fifth 20 tion of the plurality of preset key points , wherein the 
coordinate system transformation matrix ; PE = [ 0,0 , a ] ? key points of the human arm are preset key points of an 
is a three dimensional dimensional coordinate of the area at which the human pose image is located , 
fourth joint in the coordinate system of the third joint , obtain a robotic arm kinematics model of a robot , 
and a is the connecting rod length between the third obtain an angle of each joint in the robotic arm kinematics 
joint and the fourth joint , 5Pw = [ b , 0,0 ] " is the three- 25 model according to the three - dimensional positional 
dimensional coordinate of the wrist portion in the information of the key points of the human arm and the 
coordinate system of the fourth joint , and b is the robotic arm kinematics model ; and 
connecting rod length between the fourth joint and the control module configured to control awl arm of the robot 
wrist portion . to perform a corresponding action according to the 

2. The method of claim 1 , wherein the robotic arm 30 angle of each joint ; 
kinematics model is an arm model equivalent to a human wherein the arm of the robot comprises a first joint , a 
arm with four degrees of freedom , where the shoulder second joint and a third joint a fourth joint and a wrist 

rtion of the arm of the robot has three degrees of freedom , portion sequentially connected through a connecting 
and an elbow portion of the arm of the robot has one degree rod , the key points of the human arm comprise a 
of freedom . shoulder point , an elbow point , and a wrist point , and 

3. The method of claim 1 , wherein the step of obtaining the computer programs further cause the processor to ; 
the pixel information of the plurality of preset key points in obtain a vector from the shoulder point to the elbow point , 
the human pose image comprises : a vector from the elbow point to the wrist point , and a 

inputting the human pose image to a light weight open vector from the shoulder point to the wrist point 
pose detection model to obtain the pixel information of 40 according to the three dimensional positional informa 
the plurality of preset key points in the human pose tion of the key points of the human arm , 
image . obtain an angle of the first joint and an angle of the second 

4. The method of claim 1 , wherein the step of obtaining joint according to the vector from the shoulder point to 
the three - dimensional positional information of the key the elbow point , 
points of the human arm according to the pixel information 45 obtain an angle of the fourth joint according to the vector 
of the plurality of preset key points comprises : from the shoulder point to the elbow point , the vector 

inputting the pixel information of the plurality of preset from the elbow point to the wrist point , and the vector 
key points to a convolutional neural network model to from the shoulder point to the wrist point ; 
obtain the three - dimensional positional information of obtain a first coordinate system transformation matrix of 
the key points of the human arm . a coordinate system of the first joint with respect to a 

5. The method of claim 1 , wherein after the step of coordinate system of a shoulder portion of the arm of 
obtaining the three - dimensional positional information of the robot , a second coordinate system transformation 
the key points of the human arm according to the pixel matrix of a coordinate system of the second joint with 
information of the plurality of preset key points comprises : respect to the coordinates system of the first point a 

performing a denoising process on the three - dimensional 55 third coordinate system transformation matrix of a 
positional information of the key points of the human coordinate system of the third joint with respect to the 
arm through a first - order low - pass filter . coordinate system of the second joint , a fifth coordinate 

6. The method of claim 1 , wherein after the step of system transformation matrix of a coordinate system of 
obtaining the angle of each joint in the robotic arm kine- the wrist portion with respect to a coordinate system of 
matics model according to the three - dimensional positional 60 the fourth joint , according to the angle of the first joint , 
information of the key points of the human arm and the the angle of the second joint , the angle of the fourth 
robotic arm kinematics model further comprises : joint and the robotic arm kinematics model ; 

performing a smoothing process on the angle of each joint obtain a three - dimensional coordinate of the fourth joint 
through a Kalman filter . in the coordinate system of the third joint , and a 

7. The method of claim 1 , wherein the step of obtaining 65 three - dimensional coordinate of the wrist portion in the 
the human pose image comprises : coordinate system of the fourth joint , according to a 

obtaining the human pose image through a camera . connecting rod length between the third joint and the 
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fourth joint , and a connecting rod length between the obtain the three - dimensional coordinate of the fourth joint 
fourth joint and the wrist portion ; and in the coordinate system of the third joint according to 

obtain an angle of the third joint according to the robotic the connecting rod length between the third joint and 
arm kinematics model , the vector from the shoulder the fourth joint ; 
point to the elbow point , the first coordinate system obtain the connecting rod length between the fourth joint 
transformation matrix , the second coordinate system and the wrist portion ; 
transformation matrix , the third coordinate system obtain the three - dimensional coordinate of the wrist por 
transformation matrix , the fifth coordinate system tion in the coordinate system of the fourth joint accord 
transformation matrix , the three - dimensional coordi ing to the connecting rod length between the fourth 
nate of the fourth joint in the coordinate system of the joint and the wrist portion ; and 
third joint , and the three - dimensional coordinate of the obtain the angle q3 of the third joint according to the 

robotic arm kinematics model , the vector from the wrist portion in the coordinate system of the fourth 
joint . shoulder point to the elbow point , the first coordinate 

system transformation matrix , the second coordinate 10. The apparatus of claim 9 , wherein the computer 
programs further cause the processor to : system transformation matrix , the third coordinate sys 

tem transformation matrix , the fifth coordinate system obtain the angle q? - a tan 21 SECO ) , 7 SE ( 1 ) ) of the first transformation matrix , the three - dimensional coordi joint and the angle nate of the fourth joint in the coordinate system of the 
third joint , and the three - dimensional coordinate of the 
wrist portion in the coordinate system of the fourth 
joint , wherein : 
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7 Se = ER , ' R2 ( 91 ) R3 ( 92 ) PE + OR ' R2 ( 91 ) R3 ( 92 ) R ( 93 ) * R $ ( 94 ) P 
of the second joint according to the vector from the shoulder where , ' R , is the first coordinate system transformation 

25 matrix , ' R2 ( 9 . ) is the second coordinate system transforma point to the elbow point , wherein 7 se ( 0 ) represents a tion matrix , R3 ( 92 ) is the third joint coordinate system 
component of r in a vertical direction of a human body , transformation matrix , PR4 ( 93 ) is a fourth joint coordinate 
rse ( 2 ) represents a component of rse in a perpendicular system transformation matrix of the coordinate system of the 

fourth joint with respect to the coordinate system of the third direction of the human body , ? se ( 2 ) represents a component 30 joint , * Rs ( 94 ) is the fifth coordinate system transformation 
of r in a horizontal direction of the human body , and r matrix ; ? P = [ 0,0 , a? is a three - dimensional coordinate of the 
represents a vector from the shoulder point to the elbow fourth joint in the coordinate system of the third joint ; and 
point ; a is the connecting rod length between the third joint and the 

obtain the angle fourth joint , 5Pw [ b , 0 , of is the three - dimensional coordi 
35 nate of the wrist portion in the coordinate system of the 

fourth joint , and b is the connecting rod length between the 
s - + ( 17spl ° + [ Pew ] * -lisw / 21 * sel | Few? ) fourth joint and the wrist portion . 

11. The apparatus of claim 9 , wherein the computer 
programs further cause the processor to : 

of the fourth joint according to the vector from the shoulder 40 input the human pose image to a light weight open pose 
point to the elbow point , the vector from the elbow point to detection model to obtain the pixel information of the 
the wrist point , and the vector from the shoulder point to the plurality of preset key points in the human pose image . 

12. The apparatus of claim 9 , wherein the computer wrist point , wherein r ew represents the vector from the programs further cause the processor to : 
elbow point to the wrist point and I sw represents the vector 45 input the pixel information of the plurality of preset key 
from the shoulder point to the wrist point ; points to a convolutional neural network model to 

obtain the first coordinate system transformation matrix of obtain the three - dimensional positional information of 
the coordinate system of the first joint with respect to the key points of the human arm . 
the coordinate system of the shoulder portion of the 13. A biped robot comprising : 
arm of the robot ; a memory ; and 

obtain the second coordinate system transformation a processor ; 
matrix of the coordinate system of the second joint with wherein the memory stores a computer program execut 
respect to the coordinate system of the first joint able on the processor , and the computer program com 
according to the angle of the first joint and the robotic prises ; 
arm kinematics model ; instructions for obtaining a human pose image ; 

obtain the third coordinate system transformation matrix instructions for obtaining pixel information of a plurality 
of the coordinate system of the third joint with respect of preset key points in the human pose image ; 
to the coordinate system of the second joint according instructions for obtaining three - dimensional positional 
to the angle of the second joint and the robotic arm information of key points of a human arm according to 
kinematics model ; the pixel information of the plurality of preset key 

obtain the fifth coordinate system transformation matrix points , wherein the key points of the human arm are 
of Han the coordinate system of the wrist portion with preset key points of an area at which the human arm in 
respect to the coordinate system of the fourth joint the human pose image is located ; 
according to the angle of the fourth joint and the robotic instructions for obtaining a robotic arm kinematics model 
arm kinematics model ; of a robot ; 

obtain the connecting rod length between the third joint instructions for obtaining an angle of each joint in the 
and the fourth joint ; robotic arm kinematics model according to the three 
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dimensional positional information of the key points of instructions for obtaining a fifth coordinate system trans 
the human arm and the robotic arm kinematics model ; formation matrix of a coordinate system of the wrist 
and portion with respect to a coordinate system of the 

instructions for controlling an arm of the robot to perform fourth joint according to the angle of the fourth joint 
a corresponding action according to the angle of each 5 and the robotic arm kinematics model ; 
joint ; instructions for obtaining a connecting rod length between 

wherein the arm of the robot comprises a first joint , a the third joint and the fourth joint ; 
second joint , and a third joint , a fourth joint and a wrist instructions for obtaining a three - dimensional coordinate 
portion sequentially connected through a connecting of the fourth joint in the coordinate system of the third 
rod , the key points of the human arm comprise a joint according to the connecting rod length between 
shoulder point , an elbow point , and a wrist point ; the third joint and the fourth joint ; 
wherein the instructions for obtaining the angle of each instructions for obtaining a connecting rod length between 
joint in the robotic arm kinematics model according to the fourth joint and the wrist portion ; 
the three - dimensional positional information of the key instructions for obtaining a three - dimensional coordinate 
points of the human arm and the robotic arm kinematics of the wrist portion in the coordinate system of the 
model comprise ; fourth joint according to the connecting rod length 

instructions for obtaining a vector from the shoulder point between the fourth joint and the wrist portion ; and 
to the elbow point , a vector from the elbow point to the instructions for obtaining an angle q3 of the third joint 
wrist point , and a vector from the shoulder point to the according to the robotic arm kinematics model , the 
wrist point according to the three - dimensional posi- vector from the shoulder point to the elbow point , the 
tional information of the key points of the human arm ; first coordinate system transformation matrix the sec 

instructions for obtaining an angle 9. = a tan 2 ( 7 se ( 0 ) , ond coordinate system transformation matrix the third 
coordinate system transformation matrix , the fifth coor Ps : ( 1 ) ) of the first point and an angle dinate system transformation matrix , the three - dimen 
sional coordinate of the fourth joint in the coordinate 
system of the third joint , and the three - dimensional 

SE ( 0 ) ) coordinate of the wrist portion in the coordinate system 
of the fourth joint , wherein : 

15 

20 

SE 25 

2 -1 92 = tan F " ( ise ( 2 ) / Visero * + rse ( 1 ) ) VisECO ) 
30 

SE 

r SE a 

SE 
T 

9 

40 

? 

94 = COS 
45 

of the second joint according to the vector from the shoulder SE = ER , ' R2 ( 91 ) R3 ( 92 ) PE + R , ' R2 ( 91 ) R3 ( 2 ) R. ( 93 ) " R $ ( 94 ) Pws 
point to the elbow point , wherein rse ( 0 ) represents a ? where , ' R , is the first coordinate system transformation 

matrix , ' R2 ( q? ) is the second coordinate system trans component of † SE in a vertical direction of a human formation matrix , R3 ( 92 ) is the third joint coordinate 
body , ?st ( 1 ) represents a component of in a perpen- 35 system transformation matrix , PR ( 93 ) is a fourth joint 
dicular direction of the human body , ?SE ( 2 ) represents a coordinate system transformation matrix of the coor 

dinate system of the fourth joint with respect to the component of Pse in a horizontal direction of the human coordinate system of the third joint , 4Rs ( 94 ) is the fifth 
body , and r se represents a vector from the shoulder point to coordinate system transformation matrix ; 3PE = [ 0 , 0 , a ] 
the elbow point ; is a three - dimensional coordinate of the fourth joint icy 

instructions for obtaining an angle the coordinate system of the third joint ; and a is the 
connecting rod length between the third joint and the 
fourth joint , 5Pw = [ b , 0 , 0 ] T is the three - dimensional 

s + ( \ * sp + Fewl - Iisw | 217selliswl ) coordinate of the wrist portion in the coordinate system 
of the fourth joint , and b is the connecting rod length 
between the fourth joint and the wrist portion . 

of the fourth joint according to the vector from the shoulder 14. The robot of claim 13 , wherein the robotic arm 
point to the elbow point , the vector from the elbow point to kinematics model is an arm model equivalent to a human 
the wrist point , and the vector from the shoulder point to the arm with four degrees of freedom , where the shoulder 

50 portion of the arm of the robot has three degrees of freedom , wrist point , wherein r Ew represents the vector from the and an elbow portion of the arm of the robot has one degree 
elbow point to the wrist point and rswrepresents the vector of freedom . 
from the shoulder point , to the wrist point ; 15. The robot of claim 13 , wherein the instructions for 

instructions for obtaining a first coordinate system trans- obtaining the pixel information of the plurality of preset key 
formation matrix of a coordinate system of the first 55 points in the human pose image comprise ; 
joint with respect to a coordinate system of a shoulder instructions for inputting the human pose image to a light 
portion of the arm of the robot ; weight open pose detection model to obtain the pixel 

instructions for obtaining a second coordinate system information of the plurality of preset key points in the 
transformation matrix of a coordinate system of the human pose image . 
second joint with respect to the coordinate system of 60 16. The robot of claim 13 , wherein the instructions for 
the first joint according to the angle of the first joint and obtaining the three - dimensional positional information of 
the robotic arm kinematics model ; the key points of the human arm according to the pixel 

instructions for obtaining a third coordinate system trans- information of the plurality of preset key points comprise ; 
formation matrix of a coordinate system of the third instructions for inputting the pixel information of the 
joint with respect to the coordinate system of the 65 plurality of preset key points to a convolutional neural 
second joint according to the angle of the second joint network model to obtain the three - dimensional posi 
and the robotic arm kinematics model ; tional information of the key points of the human arm . 

r 
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17. The robot of claim 13 , wherein the computer program 

further comprises : 
instructions for performing a denoising process on the 

three - dimensional positional information of the key 
points of the human arm through a first - order low - pass 5 
filter . 

18. The robot of claim 13 , wherein the computer program 
further comprises : 

instructions for performing a smoothing process on the 
angle of each joint through a Kalman filter . 

19. The robot of claim 13 , wherein the instructions for 
obtaining the human pose image comprise : 

instructions for obtaining the human pose image through 

10 

a camera . 

20. The robot of claim 13 , wherein the arm of the robot 15 
comprises one or more joints , the instructions for controlling 
the arm of the robot to perform the corresponding action 
according to the angle of each joint comprise : 

instructions for controlling the arm of the robot to move 
by rotating an output shaft of a servo of each joint of the 20 
arm of the robot according to the angle of each joint in 
the robotic arm kinematics . 

* * 


